The aim of this large scale epidemiological cross-sectional study was to investigate potential factors, such as age, gender, socioeconomic status (measured as educational level and profession), smoking habits and physical activity, that could influence Body Mass Index (BMI) in a large sample of Greeks of Central Macedonia. Overall, 4032 adults (1296 males and 2736 females), age: 44.3±14.5 y (mean ± SD) participated in this study. Candidates were contacted by phone and provided self-reported data about their age, weight, height, socioeconomic status, smoking habits and physical activity. Our results showed that the mean BMI value was 26.2±5 ( ±SD). Factors associated with BMI were age (positively), physical activity and education level (negatively) in both genders and smoking habits (negatively) only in women. Obesity prevalence was higher in females, and in middle age, in civil employees, less educated and non-smoking subjects of both genders while overweight prevalence was higher in males, and in old age, in less educated and non-smoking subjects of both genders. In conclusion, several environmental factors were found to be associated with obesity or overweight indices in our sample of Greek individuals.
.
In Greece, some reports show that the prevalence of obesity is high among both children and adults [2] [3] [4] . In a recent survey in Central Macedonia, Northern Greece, we found that the prevalence of overweight and obesity in adults was 35.4% and 19.9%, respectively
INTRODUCTION
Obesity is an increasing health problem associated with serious clinical consequences and high mortality rates. Its prevalence is on the rise in most developed countries and, according to WHO, current life quality and job strain as possible factors associated with weight. EL comprised 3 levels: (1) primary school level: 6 years of study, (2) high school level: 7-12 years of study and (3) university level: 13 years of study. Professional occupation was categorized into 5 groups: Civil Employee (CE), Private Employee (PE), Pensioner (PN), Student (St), Self-Employed (SE). In women, an extra category of Housekeeper (H) was added.
The smoking habits group was divided into smokers (those who presently smoke at least one cigarette per day), non-smokers (those who had never smoked cigarettes regularly) and ex-smokers (those who used to smoke and discontinued smoking at least 6 months before the initiation of this study). Due to the fact that the vast majority of ex-smokers (96%) reported smoking cessation for more than 2 years and the number of ex-smokers was small, this group was incorporated into the group of non-smokers.
Physical activity also comprised 2 levels: regular exercise (2-7 days/week) and absence of exercise (<1 day/week).
STATISTICAL ANALYSIS
We established a database so that the accuracy of each parameter could be easily controlled. Subsequently, we tested if normal distribution goodness accorded with all quantitative factors existing by using the Kolmogorov-Smirnov test. All factors of the study were found to fit normal distribution. Means and standard deviation scores (±SD) were calculated for each factor. For univariate analysis, we used the Students t-test or ANOVA for independent samples. We also performed logistic regression models to evaluate the associations between dependent factors [overweight (OW), obesity (OB)] and independent factors (age, gender, EL, PR, PA, SH). We thus calculated adjusted odds ratios (OR) and 95% confidence intervals (95% CI) for being overweight and obese. The statistical package for Social Sciences (SPSS for Windows, v 12, 2000) was used for all statistical analyses. Values of P<0.05 were considered statistically significant.
RESULTS
The mean BMI in the entire cohort was 26.2±5.0 (±SD), 26.2±3.6 in men and 26.3±5.6 in women, educational level, profession, smoking habits etc., in the prevalence of obesity 6, 7 . Only a few studies, however, have examined the association of such factors with obesity in Greek adults [8] [9] [10] .
The aim of this epidemiological cross-sectional study was to investigate the effect of factors such as age, gender, socioeconomic status (SES), smoking habits (SH) and physical activity (PA) on Body Mass Index (BMI) in a large sample of Greeks in Central Macedonia.
SUBJECTS AND METHODS
Overall, 4032 adults [1296 males (M), 2736 females (F)] aged 44.3±14.5 years (±SD) participated in this survey, which was conducted in Central Macedonia. The survey was part of a large-scale epidemiological study carried out in large areas of Greece, Serbia and Turkey with the aim of providing self-reported data about obesity prevalence in these countries. Data concerning methodology have been presented in a previous publication 5 . Potential participants were contacted by phone by selection of every 5 th person in the telephone directory. After having the purpose of the study explained to them, they were invited to take part. The other selection criterion was the age (not over 70 or under 20 years). Pregnant women were also excluded from the study. Approximately 78% of the contacted persons agreed to participate.
For the purpose of the study, participants were asked questions about their age, weight, height, SES, SH and PA. Dependent and independent factors were categorized into groups as follows: -Dependent factors: BMI was calculated as weight/ height² (kg/m²) and was used as a continuous factor in the analysis. The data were also categorized according to WHO definitions of obesity for adults: normal weight (BMI: 18.5-24.9), overweight (BMI: 25.0-29.9) and obesity (BMI=30).
-Independent factors: Age was categorized into the following 10 groups: 20-24.9, 25-29.9, 30-34.9, 35-39.9, 40-44.9, 45-49.9, 50-54.9, 55-59.9, 60-64.9, 65-69.9 years.
Socioeconomic status was defined as attained educational level (EL) and current profession. This combination of the parameters education and occupation considers psychological characteristics including Factors associated with BMI Table 1 depicts the means of BMI according to determinant factors for both genders. BMI increased with age from the younger groups to the 55-59.9 group followed by a decrease in the group 60-64.9 and an increase in the older groups in both men and women. In younger ages (up to 45 years old), mens BMI levels were higher than womens, while the opposite was observed for the older age groups.
An inverse relationship was observed between years of education and BMI in both genders. Compared to men, BMI levels were higher in women with the exception of the groups of the lowest educational level.
Concerning smoking habits, no relationship with BMI was found in males, while in females a negative correlation between smoking habits and BMI was noticed.
BMI was higher in non-exercised individuals than in exercised, both in men and in women. For nonexercised groups, no statistical difference between BMI in the two genders was found, while for exer-OW prevalence in men increased steadily from the younger groups until 40 years of age, where it reached 56.7%. Then it remained steady at 54-58% until 65 years when it fell to 52%. In contrast, women showed an almost constant increase of OW percentage by age reaching 47% between 60-64.9 years. Thereafter, a rapid fall to a level of 35% was observed. OW prevalence was higher in men than in women in all age, groups. OB prevalence in both genders increased constantly until the age of 60 where it peaked at 22% for men and 47.4% for women. Contrary to the findings cised individuals BMI was higher in men.
In the factor profession, the higher BMI was found in pensioners and the lower in students of both genders. In all groups of professions, men had higher BMI than women with the exception of pensioners. The BMI of civil employees was similar in both genders.
Factors associated with overweight and obesity prevalence Table 2 shows percentages of OW and OB by the factors studied. For educational level, there was a clear gradient for the attained level of education and the percentage of OW and OB between the 2 nd and 3 rd groups in both genders. In men a clear negative association between OB% and years of study was found, while in women a negative association between OW% and years of study was observed. OW and OB prevalence was higher in pensioners and lower in students of both genders.
Concerning smoking habits, women who smoked were significantly less overweight and obese than those who did not smoke, while in men no such relationship was observed.
Women who were exercising were less overweight than those who did not exercise, while for both genders physical activity was negatively related to obesity prevalence. Table 3 shows multivariate analysis, which was performed to identify independent correlates of OW and OB prevalence. Concerning OW prevalence, the analysis confirmed the strong influence of age (doubling of risk for those over 35 years), of gender (relative risk [RR] at 0.36 for females compared to males), and the weaker but significant influences of educational level (relative risk of 0.77 for individuals with more than 6 years of study in comparison to those with primary school education) and of smoking habits (relative risk 0.83 for smokers in comparison to non-smokers). Among different professions, students had the 
DISCUSSION
In the present study some interesting associations emerged between prevalence of overweight, obesity and BMI, and age, gender, socioeconomic status and lifestyle factors in a large population of Northern Greece.
Socioeconomic status is a complex factor that is commonly ascertained by one or more simple indicators such as education, income, profession, place of residence etc 7 . In our study SES was measured as the highest attained educational level and professional occupation, which was categorized into 5 common jobs. When SES was measured as EL, a graded inverse relationship between SES and BMI and overweight prevalence in both genders, regardless of other factors, was observed. The negative association was more pronounced in obese males than in obese females, while the opposite was true of overweight subjects. When SES was measured by the indicator occupation, it was found, after adjustment for the other factors, that public employees were the most obese of any professional group and students were those the least overweight.
Numerous studies have investigated the relationship between socioeconomic status and obesity prevalence 12, 13 . In most of them, educational level was used as an indicator for SES 12, 14 . In developed societies, a strong inverse relationship has been observed, mainly among women, while in developing ones a positive association has been found in both genders and in children. The results of the present study are in agreement with those prevailing in affluent societies, with the exception that our obese population, mostly men are less educated. In our Mediterranean society, this fact probably reflects the patriarchal view of body image of lesser educated individuals.
Regarding occupation, the usual factors used for this component are present employment status, number of working hours, income, etc [15] [16] . Usually, an inverse association is found between low employment groups and obesity 17, 18 . In the present study, where we grouped different professional categories, public employees were more obese than others. This association cannot be interpreted by the present analysis but it could be explained by the lack of physical activity in such individuals.
To the best of our knowledge, there is only one published study that investigated the relationship of SES with OB in a sample of Greek participants. This was a large Pan-European study of 15,239 individuals where it was concluded that people of high social class with higher educational level were less likely to be obese 9 .
It remains unclear which factors may mediate the influence of SES on obesity and thinness. In a comprehensive review of 144 studies, Sobal and Stunkard suggested that such factors include dietary restraint, physical activity, social mobility and heredity 13 .
Concerning smoking habits, numerous epidemiological studies have shown that smokers have relatively lower body weight and that giving up smoking often leads to weight gain [19] [20] [21] . The relationship between SH and BMI could be mediated by the action of nicotine as an appetite suppressant or by the thermogenetic effect of smoking. Recently, it was reported that smokers had a higher resting energy expenditure by 68 kcal/ day than non-smokers 22 . In our study, only women of all ages showed the inverse association between smoking and BMI or OB prevalence. This discrepancy could be a sample effect or due to other confounding factors such as physical activity and education. The issue of this modifying effect of education was already addressed by Mollarius and Seidell in a study of 36,000 Dutch men and women 23 . The association between smoking and body weight was found to differ according to the degree of education, particularly in men. Male heavy smokers of a high educational level had higher BMI than non-smokers. No clear-cut explanation can be provided for this finding but the possibility of other factors involved in the whole process (e.g. clustering of unhealthy habits in male heavy smokers, role of stress, etc) cannot be excluded. Moreover, the effect of different confounding factors in our study cannot be ruled out since in multiple regression analysis and after adjustment of other factors, SH were inversely related, although weakly, to OW and OB prevalence in the whole population. Notably, Marti et al. reported that an inverse association between smoking and body weight exists only in populations with a high prevalence of smoking 24 .
The relationship between physical activity and weight parameters has been studied extensively, but most data are contradictory. Cross-sectional associations between PA and BMI are strong, while associations seen in populations which have been studied longitudinally are typically low 25 . Our cross-sectional data showed an inverse association between reported PA levels, BMI and obesity prevalence in both genders, but no such association was found between PA and OW prevalence in men. This difference is probably due to the smaller number of male individuals investigated or to a gender difference in the type of PA. A less consistent association between levels of PA and body weight parameters in men was also pointed out in similar studies 26, 27 . Additionally, in the model of multiple regression analysis, the reported PA was not confirmed as an independent factor of OW prevalence. Possibly other factors are involved, although to a lesser extent, in the pathogenesis of increased weight seen in our OW population.
The influence of physical activity on BMI was extensively assessed in the Greek sample of the study of EPIC, where occupational activities (OA) and leisuretime physical activities (LTPA) were measured 8 . A strong inverse association between energy expenditure and BMI was found, and increasing PA appears to be half as effective in reducing BMI as decreasing energy intake. In the Seven Countries Study, an international study with Greek participants from the islands of Corfu and Crete, a strong inverse relationship was documented between job-related PA and body fat indices 10 . Interestingly, King et al., comparing OA with LTPA in the likelihood of obesity, found a more important role of OA than LTPA in preventing obesity 28 . Individuals with high OA were less likely to be obese by 42% even without participation in any LTPA.
The effect of age and gender on BMI and OW and OB prevalence in our study is similar to that observed in other Greek and international studies 7, 8 . We found a steady increase of BMI in both genders until the age of 60, with men having higher BMI in younger ages, and women in older ages. Overall, the prevalence of OW and OB increased until the age of 65 years, but odds ratios were higher in OB than OW status. It should be remembered that BMI is not a reliable measure of adiposity in old age because a decrease during this period often reflects a decrease in lean body mass rather than fat mass. We also found that more women than men tended to be obese whereas the inverse was true of the overweight population. This phenomenon can be observed in other countries which differ in many ways, such as England, Mauritius, Japan and Saudi Arabia 8 .
There are, however, some methodological drawbacks in our study, which have to be taken into account before we reach final conclusions. Its major limitation is the use of self-reported, telephone based data. This issue mainly concerns reported height and weight where it is known that both men and women tend to underestimate their weight and overestimate their height. Recent studies concerning the accuracy of self-reported data found a discrepancy between those and the measured data 29 , while earlier studies reached an opposite conclusion 30, 31 . Also, there could have been misreporting on some of the determinant factors of BMI in our study (e.g. physical activity, smoking habits), leading to some degree of misclassification for the different categories. Another limitation is the cross-sectional design of the study, which does not provide evidence for the causal nature of the association between the studied factors and BMI. Moreover, for the purposes of rapidity and accuracy, a fairly simplified model of categorization of some factors, like SH and PA, was chosen. Moreover, for practical reasons, questions on food habits were not included, although we were aware of the possible influence of this factor on the observed associations. Finally, the use of the telephone directory for selection purposes may exclude individuals from lower socioeconomic groups who might not have access to this facility.
On the other hand, the major strengths of the study are the large number of subjects, the relatively high response rate and the good representativity of the geographic area studied. This study, while not etiological in nature, is one of the very few in Greece that provides some interesting findings on the associations between environmental factors and obesity indices.
In conclusion, in the Greek population studied we found that factors associated with BMI are age (positively), physical activity and educational level (negatively) in both genders and smoking habits (negatively) only in women. OB prevalence is more frequent in females, and in middle age, in civil employees, less educated and non-smoking subjects of both genders, while OW prevalence is more frequent in males, and in old age, in less educated and non-smoking subjects of both genders.
Our findings may help in designing intervention measures for prevention and/or management of obesity.
